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3 Heavy Ion Beam Probing (HIBP) is a unique diagnostics for core plasma potential. Advanced HIBP is operating now in the T-10 tokamak (a=0.3 m, R=1.5 m, B t =1.5-2.4 T, I p =140-330 kA, P ECRH <1.2 MW) and TJ-II flexible heliac (<a>=0.22 m, <R>=1.5 m, B t =1 T, P ECRH 0.6 MW, P NBI 1 MW).
The fine focused (<1cm) and intense (100 A) beams provide the measurements in the wide density interval n e =(0.3-5)10
19 m -3 , while the advanced control system for primary and secondary beams provides the measurements in the wide range of the plasma current in T-10 and magnetic configurations in TJ-II, including Ohmic, ECR and NBI heated plasmas.
The time evolution of the radial profiles and/or local values of plasma parameters from High Field Side (HFS) to Low Field Side (LFS), -1<<1, is observed in TJ-II by 125 keV Cs + ions in a single shot, while LFS (+0.2<<1) profiles are observed in T-10 by 300 keV Tl + ions.
Multi-slit energy analyzers provide simultaneously the data on plasma potential  (by beam extra energy), plasma density n e (by beam current) and B pol (by beam toroidal shift) in poloidally shifted sample volumes. Thus E pol = ( 1 - 2 )/x, x~1 cm, and the electrostatic turbulent particle flux
The density oscillations cross-phase produces the phase velocity of poloidal propagation of perturbation or plasma rotation and the poloidal mode number m.
Dual HIBP, consisting of two identical HIBPs located ¼ torus apart, recently installed in TJ-II, provides the long-range correlations in core plasma parameters.
Low noise high gain (10 7 V/A) preamplifiers with 300 kHz bandwidth and 2 MHz sampling allows us to study broadband turbulence and quasi-coherent modes like Geodesic Acoustic Modes, Alfven Eigenmodes, Suprathermal electron induced modes, etc.
Finally, HIBP becomes multipurpose diagnostics to study plasma electric potential and turbulence properties in the middle size toroidal devices. [3] , it was later developed to the multichannel version to study the turbulent particle flux [4] . This report presents the further HIBP development and application to the T-10 tokamak [5] (a=0.3 m, R=1.5 m, B t =1.5-2.4 T, I p =140-330 kA, P ECRH <1.2 MW) and TJ-II stellarator [6] (<a>=0.22 m, <R>=1.5 m, B t =1 T, P ECRH 0.6 MW, P NBI 1 MW). It discusses the diagnostics capabilities and limitations and also presents the examples of recent measurements of plasma potential and turbulence characteristics.
First EPS Conference on

Plasma potential profiles
HIBP is capable to measure potential time evolution in the fixed sample volume (SV) and radial profiles as well. The spatial resolution is about 1 cm, time resolution is 0.5-1 s. HIBP schematics is shown in figure 1 by example of the TJ-II flexible heliac.
Figure 1. HIBP experimental set-up at TJ-II. Black curves are trajectories of primary (Cs +) ions, green ones -of secondary (Cs ++) ions. Inset shows detector lines for the poloidally resolved potential and density measurements.
The time evolution of the radial profiles from Low Field Side (LFS) to the High Field Side (-1<<1) is observed in TJ-II with 125 keV Cs + ions in a single shot. The typical scanning time is 10 ms. In T-10, 4-6 repetitive pulses produce profile fragments with various beam Tl + energies from 80 to 300 keV, which unify to the radial profiles in LFS (+0.2<<1), as shown in figure 2 . The fine focused (<1cm) and intense (100 A) beams provide the measurements in the wide density interval n e =(0.3-5)10 19 m -3 , while the advanced control system for primary and secondary beams provides the measurements in the wide range of the plasma current in T-10 and magnetic configurations in TJ-II, including Ohmic, ECR and NBI heated plasmas [7] [8] [9] .
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Figure 2. Evolution of the electric potential profiles in the plasmas with ECR and NBI heating on TJ-II (a) and with Ohmic and ECR heating in T-10 (b).
Plasma oscillations
Beam detector in the multi-slit electrostatic energy analyser is designed to measure simultaneously the data on plasma potential  (by beam extra energy), plasma density n e (by beam current) and B pol (by beam toroidal shift) in poloidally shifted sample volumes. There are from 2 to 5 slits (spatial channels) in operation. The two slits measurement scheme is shown in figure 1 .
Low noise high gain (10 7 V/A) preamplifiers with 300 kHz bandwidth and 2 MHz sampling allows us to study broadband turbulence and quasi-coherent modes like Geodesic Acoustic Modes (GAM), Alfvén Eigenmodes (AE), Suprathermal electron induced modes, etc.
Quasi-coherent modes: GAMs and AEs
HIBP is sensitive to the local plasma potential and density perturbation associated with GAM.
GAM amplitude in plasma potential depends on the electron density and vary from the noise level (<10 V) up to ~100 V. Figure 3 (left) shows the Fourier Power Spectral Density (PSD) for the potential and density oscillations with a frequency resolution < 2 kHz. GAM is observed as a pronounced frequency peak in potential with a high contrast respect to the broadband turbulence, while the MHD mode is mainly seen in plasma density. The high time resolution (1-2 s) allows us to resolve the GAM intermittent structure with a typical length of the wave packages ~1-2 ms.
HIBP shows that GAMs on T-10 have a radially uniform spatial structure of potential perturbation and the /2 phase shift between the plasma potential and density.
Due to its capability to measure simultaneously potential, B pol and density oscillations, HIBP is the most direct diagnostics to study Alfvén Eigenmodes, an electromagnetic waves, propagating along the magnetic field lines of plasma configuration and producing the oscillatory components of E r , B pol and plasma pressure (density). AEs are visible in all three HIBP 
Figure 3. Left: T-10 data. Left up. Potential and density power spectra for GAM. Left down potential spectrogram shows GAM evolution in the pulse with ECRH. The GAM intermittent structure is observed. Right: TJ-II data. PSD spectrograms of HIBP ( = -0.5) and Magnetic Probe (MP) signals in arb. un. Alfvén Eigenmodes are pronounced: (a) on the total secondary beam current I t proportional to n e ; (b) on the potential ; (c) on the toroidal shift of secondary beam  proportional to B pol ; (d) on the MP signal.
parameters as presented in their spectrograms in figure 3 (right). Various modes, marked with numbers are clearly detectable in the NBI heated phase of the discharge. The spatial scan of the sample volume allows us to find a radial location for each mode.
Turbulent particle flux
Multi-slits energy analyzer provides the oscillatory component of the plasma potential , and density () e nt in poloidally shifted sample volumes, see figure 1 . Thus E pol = ( 1 - 2 )/x, x~1 cm, and the electrostatic turbulent particle flux
is derived. Frequency resolved turbulent particle flux, which is taken as [10] :
, where S nE is the Fourier cross-spectrum of density and E pol , allows us to get a contribution of the broadband turbulence [11] and that of the quasicoherent modes [12] . Figure 4 (a) shows the frequency resolved flux for the NBI discharge of TJ-II. It shows that the broadband turbulence at f BB < 250 kHz mainly produce the outward flux, denoted by red color. On top ot that, the AEs are clearly visible in the spectrogram as a set of quasi-monochromatic modes. Figure 4 (a) shows that the contribution of the specific modes may vary: there are outward, inward and zero flux presented for different AEs. The direction and the value of the flux contribution for specific AEs is it's specific characteristics. It's value depends on the cross-phase  ne Epol between n e and E pol oscillations, as seen in the figures 4 (b, c, d ). Figure 5 shows the radial distribution of the plasma turbulence rotation for 0< f <150 kHz in the TJ-II stellarator. Plasma potential profile is measured altogether with the density turbulence,  The frequency resolved turbulent particle flux is measured in the core plasma.  Finally, HIBP becomes multipurpose diagnostics to study plasma electric potential and turbulence properties in the middle size toroidal devices.
